Paragangliomas are rare neuroendocrine tumors where hypoxia-inducible factor plays a critical role in tumorigenesis. It has been suggested that patients with congenital heart disease, in particular, may have cellular environment and relative hypoxia favorable to the development of these neuroendocrine tumors. Here, we present a case of an 11-year-old child with hypoplastic left heart syndrome previously palliated with Fontan procedure, diagnosed with paraganglioma on surveillance imaging. We present the clinical course, intervention, and outcome as well as review the possible contributory mechanisms. As we continue to improve long-term survival for single ventricle patients, awareness of these tumors during surveillance may be warranted as timely intervention may lead to cure.
INTRODUCTION
Paragangliomas (PGL) are rare neuroendocrine tumors that arise from the extra-adrenal paraganglionic system, with one-third to one-half of cases being inherited. Genetic susceptibilities resulting in the activation of hypoxia pathways within chromaffin cells have been implicated in the development of these tumors. [1] By extension, chronic hypoxia has been implicated in causation of PGL as demonstrated by reports in patients living at high altitudes and in those suffering from chronic obstructive lung disease. [2] Cyanotic congenital heart disease (CHD) has also been suggested as a risk factor for paraganglioma-pheochromocytoma. [3, 4] We present a case of a retroperitoneal paraganglioma in a Fontan patient. We believe chronic hypoxia related to single ventricle palliation to be a trigger for the development of paraganglioma in the above-said patient.
CASE REPORT
An 11-year-old female child with hypoplastic left heart syndrome underwent staged palliation culminating with an extracardiac fenestrated Fontan procedure at 4 years of age. Before the Fontan procedure, she maintained oxygen saturations between 75% and 77%, whereas after the Fontan procedure, she maintained saturations between 92% and 94%. She did well for the subsequent 7 years, but by 12 years of age, there was evidence of Fontan dysfunction. At 12 years of age, a cardiac catheterization was performed which showed evidence of suboptimal Fontan pathophysiology with elevated Fontan pressures of 18 mmHg, hepatic vein wedge pressure was 20 mmHg, and right ventricular end-diastolic pressure was elevated at 16 mmHg.
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In the setting of failing Fontan physiology as well as the presence of associated liver disease, the patient was, therefore, evaluated and listed for heart transplantation. In certain patients with Fontan-associated liver disease, An echocardiogram at the same time demonstrated moderate-to-severe tricuspid valve regurgitation and moderately decreased right ventricular systolic function.
She underwent an abdominal magnetic resonance imaging (MRI) as a routine screening for Fontan-associated liver disease. MRI was significant for evidence of hepatomegaly, liver congestion, and presence of hypervascular nodules. There was an incidental finding of a 3.7 cm complex, heterogeneous mass that appeared to be arising exophytically from the head/uncinate process of pancreas with the duodenum draped anteriorly over the mass [ Figure 1 ].
There was a coincidental history of chronic abdominal discomfort, poor appetite, and poor weight gain over the preceding year. In light of the MRI findings, there was concern that the mass was contributing to some of her symptoms. The main differential diagnosis based on the MRI findings was pseudopapillary tumor of the pancreas. Secretory tumors such as pheochromocytoma were considered less likely due to location and absence of typical signs and symptoms such as hypertension and tachycardia. Diagnostic certainty was necessary to establish heart transplant candidacy. The anatomic location of the mass in continuity or in proximity to the uncinate process of the pancreas warranted planning for potential Whipple procedure. After extensive discussions among the different specialties and the family, a decision was made to proceed with the surgery.
In the operating room, the mass was immediately visible on the right side on abdominal exploration. Neovascularization was seen around the mass and it was found to be moderately adherent to the inferior vena cava. After severing all vascular ties, the mass was found to be discrete from the duodenum and pancreas. It was lifted up from its retroperitoneal location after a generous Kocher maneuver, removed from the body, and sent to pathology. A liver biopsy was also obtained at the same time and sent for pathology.
On gross examination, the mass was pink-red to pink-tan rubbery in consistency. Frozen section was suggestive of paraganglioma. Hematoxylin and Eosin stains showed well-defined nests of cuboidal cell with abundant cytoplasm, separated by highly vascularized fibrous septa [ Figure 2a ]. Immunostains exhibited synaptophysin positive, chromogranin A positive, and S100 positive for sustentacular cells [ Figure 2b ]. These findings were consistent with diagnosis of paraganglioma.
Liver biopsy histopathology showed moderate-to-severe fibrosis with sinusoidal dilatation [ Figure 3a] ; the Masson's trichrome stain confirmed the degree of fibrosis [ Figure 3b ]. Findings were consistent with Fontan-associated liver disease. including those with significant fibrosis but without ascites, with low (<2) varices, ascites, splenomegaly, and thrombocytopenia scores and low modified end-stage liver disease score, we have opted for single-organ transplantation (heart) rather than dual heart-liver transplantation. She underwent heart transplantation without complications and now 6 months out she is thriving.
DISCUSSION
Patients with Fontan pathophysiology have complex morbidities such as protein-losing enteropathy, associated liver disease, plastic bronchitis, chronic hypoxia, and venous congestion to list a few. [5] This case highlights a rare but potentially important finding of paraganglioma in a Fontan patient.
PGL are rare tumors originating from neural crest cells within the adrenal gland or the sympathetic/parasympathetic chains in the paravertebral regions. Although initially thought to be sporadic tumors, there is increasing evidence that PGL along with pheochromocytoma and carotid body tumors forms a group of neoplasms that may be genetically related. [1] The common thread appears to be relative hypoxia and abnormalities of energy metabolism at the cellular level in cells that are predisposed. Research has implicated genes that cluster in a common cellular pathway that activates hypoxia-inducible factors leading to the proposition of pseudohypoxia hypothesis of PGL development, in which these genetic susceptibilities result in aberrant activation of hypoxia pathways in chromaffin cells resulting in the development of PGL. PGL and related tumors, therefore, are deemed as pseudohypoxic tumors. [1, 2] Hypoxia-inducible factors are vital transcription factors the control energy metabolism at the cellular and mitochondrial level.
Normally, oxygen is responsible for degradation of HIF. In the setting of relative hypoxia, there may be an accumulation of HIF causing transcriptional changes to genes leading to tumorigenesis. This mechanism is further validated by the occurrence of high-altitude PGL. [2, 6] Cyanotic CHD as a potential reason for hypoxia-sensitive tumor development was recognized and proposed as early as 1964 by Folger et al. when they reported on the association of cyanotic heart disease with pheochromocytoma. [3] Two of the five cases in this report were pediatric patients and carried a diagnosis of transposition of great arteries. In our literature review, the only other pediatric Fontan patient is reported by Opotowsky et al. [7] Majority of the other patients reported are adults or are reported as autopsy findings. [4, 8] Diagnosis continues to be a challenge. It is noteworthy that a significant portion of the early reports were patients diagnosed late in the clinical course, sometimes at autopsy. In the current era, increasing awareness for this rare complication may lead to timely diagnosis. Patients do not have to be cyanotic at the time of diagnosis as demonstrated by Opotowsky et al. [7] We speculate that a period of relative hypoxemia (as in our case, before Fontan) during early stages of single-ventricle palliation may provide adequate stimulation for tumorigenesis. High degree of clinical suspicion is necessary for diagnosis as the symptoms may often be nonspecific in CHD patients. Those with pheochromocytoma may present with signs and symptoms consistent with high catecholamine state such as uncontrolled hypertension and/or tachycardia and tachyarrhythmias. The signs and symptoms may get attributed to the primary cardiac disease rather than an alternative diagnosis. Patients with PGL, however, may be silent for the duration of time and may present with nonspecific symptoms such as abdominal pain as was true in our case. Biochemical testing in the form of blood and urinary catecholamine levels is helpful. Advanced imaging such as computerized tomography scan, MRI or 123 I-metaiodobenzylguanidine scintigraphy scan may be necessary to visualize tumors. Fontan patients are increasingly undergoing imaging surveillance for hepatopathy. Being purposeful during these surveillance scans may help us diagnose these tumors at a higher frequency. In the majority of cases, surgical resection when possible is curative as was true in our patient.
CONCLUSION
PGL are rare tumors associated with CHD. These tumors can be symptomatic and have important clinical implications. As we continue to improve long-term survival for single-ventricle patients, attention has shifted to long-term morbidities. Awareness of these tumors during surveillance is, therefore, warranted as timely intervention may lead to cure.
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